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", Q WUR G X FWL R Q
0 DQ\Y DUL DEO HV XVHG L Q HFRQRP HWUL F DQDO \ VHV DUH UHFRUGHG Z L WK HUURU7 KHVH HUURUV P D\
KDY H RFFXUUHG DW Y DUL RXV VWDJHV RIWKH GDWD FRO O HFWL RQ7 KH\P D\EH WKH UHVXO W RIP L VUHSRUWL QJ
E\VXE M HFWVP L VFRGL QJ E\WKH FRO O HFWRUV RIWKH GDWDRU L QFRUUHFW WUDQVI RUP DWL RQ I URP L QL WL DO
UHSRUWV L QWR D I RUP UHDG\I RU DQDO \ VHV2 I WHQ VXFK HUURUV DUH L JQRUHG, Q FDVHV Z KHUH H[ SO L FL W
DWWHQWL RQ L V SDL G WR P HDVXUHP HQW HUURUL W L V W\ SL FDO O \DVVXP HG WR EH ?FO DVVL FDOP HDVXUHP HQW
HUURUZ KHUH WKH HUURU L V L QGHSHQGHQWRU DW O HDVW XQFRUUHO DWHG Z L WK WKH WUXH Y DO XH RIWKH
XQGHUO \ L QJ Y DUL DEO H H J  . O HSSHUDQG /HDP HU & KHVKHU 6FKHQQDFK  VHH
*U LOOLF K H V    $QJUL VWDQG . UXHJHU DQG % RXQG % URZ Q DQG 0 DWKL RZ HW]I RU
VXUY H\ V+RZ HY HU Z KHQ UHVSRQVHVKDY H EHHQ Y DO L GDWHG % RXQG DQG . UXHJHU  3L VFKN H
 & DUG DQG +\ VO RS HP SL UL FDO VXSSRUWI RUFO DVVL FDO P HDVXUHP HQWHUURUKDVW\ SL FDO O \
EHHQ O L P L WHG
7K H LP S OLF D W LR Q V R I G H YLD W LR Q V IU R P F OD V V LF D O P H D V X U H P H Q W H U U R U D U H R Q O\ U D U H O\ F R Q V LG 
HUHG & DUG  DQG % ROOLQ J H U    VWXG\P RGHO V Z L WK P HDVXUHP HQW HUURU L Q EL QDU\
Y DUL DEO HVZ KHUH WKH FO DVVL FDO P HDVXUHP HQWHUURUDVVXP SWL RQVFDQQRWKRO G. DQH 5RXVH DQG
6WDL JHU  L QY HVWL JDWH FDWHJRUL FDOUHVSRQVH P RGHO V H[ SO RL WL QJ WKH SUHVHQFH RIWZ R P HD
VXUHV Z L WK XQFRUUHO DWHG HUURUV 7 KH\GR DO O RZWKH HUURUV WR EH FRUUHO DWHG Z L WK ERWK WKH
WUXH DQG UHSRUWHG Y DO XHV +RURZ L W] DQG 0 DQVN L VWXG\ERXQGV Z KHQ D I UDFWL RQ RI
WKH REVHUY DWL RQV L V P L VP HDVXUHG L Q DQ XQUHVWUL FWHG P DQQHU% RXQG% URZ Q DQG 0 DWKL RZ HW]
 VXUY H\VRP H RIWKHVH DSSURDFKHV
, Q WKL V SDSHU Z H H[ SO RUH WKH FRQVHT XHQFHV RIDO WHUQDWL Y H W\ SHV RIP HDVXUHP HQW HUURU: H
DUJXH WKDW L IHUURUV RFFXU L Q UHSRUWV E\DJHQWV EDVHG RQ O L P L WHG L QI RUP DWL RQWKHUH DUH VSHFL pF
DO WHUQDWL Y HV WR WKH FO DVVL FDOP HDVXUHP HQW HUURU P RGHOEDVHG RQ WKH Y L HZWKDW UHVSRQGHQWV
DUH DFWL Y HO \FKRRVL QJ D UHVSRQVH 6XFK P RGHO V KDY H EHHQ XVHG EHI RUH L Q VHWWL QJV Z KHUH
H[ SO L FL W DFFRXQW Z DV WDN HQ RIWKH DJHQW
 V DZ DUHQHVV RIWKH O L P L WV RQ WKHL U N QRZ O HGJH DQG
LQ F H Q W LYH V IR U D F F X U D W H U H S R U W LQ J  ( [D P S OH V LQ F OX G H W K H P R G H OOLQ J R I S U H OLP LQ D U \ U H S R U W V
RIP DFUR HFRQRP L F DJJUHJDWHV 0 DQN L ZDQG 6KDSL URL Q WKH DQDO \ VL V RIWKH Ho HFW RI
p Q D Q F LD O LQ F H Q W LYH V R Q D F F X U D F \ LQ V X U YH \V  3 K LOLS V R Q   DQG WKH DQDO \ VL V RIUHVSRQVHV
WR T XHVWL RQV DERXW I XWXUH HY HQWV 0 DQVN L DQG 'DV'RP L QL W] DQG 9DQ 6RHVW
7 KH DO WHUQDWL Y HV Z H FRQVL GHU DVVXP H WKDWL Q UHVSRQVH WR WKH T XHVWL RQ ?: KDW L V WKH Y DO XH RI
;" UHVSRQGHQWV UHSRUW WKHL U EHVW HVWL P DWH RIWKH Y DO XH RIL QWHUHVW JL Y HQ WKHL U L QI RUP DWL RQ
VHW, Q FRQWUDVWXQGHU WKH FO DVVL FDOP HDVXUHP HQW HUURU P RGHO UHVSRQGHQWV FDQ EH Y L HZ HG DV
UHSRUWL QJ DQ XQEL DVHG DO WKRXJK VXERSWL P DO  Y DO XH
: H W K H Q H [S OR U H W K H LP S OLF D W LR Q V R I W K H D OW H U Q D W LYH P R G H OV LQ W K H F R Q W H [W R I OLQ H D U U H 
JUHVVL RQV: H pQG WKDW WKH VWDQGDUG DUJXP HQW WKDW P HDVXUHP HQW HUURU L Q UHJUHVVRUV O HDGV
WR XQGHUHVWL P DWL RQ RIWKH P DJQL WXGH RIWKH UHO DWL RQVKL S EHWZ HHQ WKH WUXH Y DUL DEO HV FDQ EH
P L VO HDGL QJ, Q SDUWL FXO DUXQGHU SO DXVL EO H DVVXP SWL RQVP HDVXUHP HQW HUURU FDQ O HDG WR RY HU
DVZ HO O DVXQGHU HVWL P DWL RQ RI WKH XQGHUO \ L QJ UHO DWL RQVKL S: H GHUL Y H VL JQVRI WKH EL DVI RUD
Q X P E H U R I OH D G LQ J F D V H V  )LQ D OO\ ZH S U H V H Q W V R P H F D OF X OD W LR Q V V K R ZLQ J K R Z V H Q V LW LYH U H J U H V 
VL RQ HVWL P DWHV FDQ EH WR P HDVXUHP HQW HUURU XQGHU GL o HUHQW P RGHO V L Q WKH FRQWH[ W RIZ DJH
UHJUHVVL RQVXVL QJ WKH 36, ' Y DO L GDWL RQ VWXG\H J % RXQG DQG . UXHJHUDQG 3L VFKN H
 WR REWDL Q HVWL P DWHV RIWKH DP RXQW RIP HDVXUHP HQW HUURU L Q UHSRUWHG HDUQL QJV DQG WKH
$VKHQI HO WHU DQG . UXHJHU  WZ L QV VWXG\I RU HVWL P DWHV RIWKH DP RXQW RIP HDVXUHP HQW
HUURU L Q UHSRUWHG \ HDUV RIHGXFDWL RQ$O WKRXJK L Q P DQ\FDVHV RQH P D\QRW EH DEO H WR FUHG
L EO \FKRRVH EHWZ HHQ WKH GL o HUHQW W\ SHV RIP HDVXUHP HQW HUURURQH P D\EH DEO H WR DVVHVV
WKH DP RXQW RIP HDVXUHP HQW HUURU XVL QJ SUHY L RXVO \FRO O HFWHG GDWD I URP Y DO L GDWL RQ VWXGL HV
, Q VXFK FDVHV RQH FDQ H[ SO RUH WKH UDQJH RISDUDP HWHU Y DO XHV FRQVL VWHQW Z L WK WKH DP RXQW RI
P H D V X U H P H Q W H U U R U X Q G H U W K H YD U LR X V P R G H OV  D V ZH LOOX V W U D W H LQ 6 H F W LR Q   7K H V H D Q D O\V H V
DUH L Q WKH VSL UL W RIWKH VHQVL WL Y L W\DQG ERXQGV DQDO \ VHV RI5 RVHQEDXP DQG 5 XEL Q 
/HDP HU +RURZ L W] DQG 0 DQVN LDQG % ROOLQ J H U       
  $ 'HF RP SRVLW LRQ RI 0 HDVXU HP HQW (U U RU
/HW;e GHQRWH WKH WUXH Y DO XH RID Y DUL DEO H RIL QWHUHVWDQG ; WKH UHFRUGHG Y DO XH7 KH
P HDVXUHP HQW HUURU L V WKH GL o HUHQFH EHWZ HHQ WKH UHFRUGHG DQG WUXH Y DO XH
 u ; b ;
e 
:HG H F R PS R V H L QWR WKUHH FRP SRQHQWV
   FPH  RSH  U
7 KH pUVW FRP SRQHQW L V QRW SUHGL FWDEO H E\WKH WUXH Y DO XH L  H WKH FO DVVL FDOP HDVXUHP HQW
HUURU
FPH u  b (>M;
e@ ; b ;
e b (>; b ;
eM;
e@ ; b (>;M;
e@ 
7 KHVHFRQG FRP SRQHQWL VQRWSUHGL FWDEO HE\ WKHUHSRUWHG Y DO XH Z KL FK Z HUHI HUWR DVRSWL P DO
SUHGL FWL RQ HUURU
RSH u  b (>M;@ ; b ;




7 KH WKL UG DQG pQDO FRP SRQHQWU L VGHpQHG DVWKH UHP DL QGHURI WKH HUURU
















7 KL V GHFRP SRVL WL RQ L V GHpQL WL RQDOL Q WKDW L W GRHV QRW UHT XL UH DQ\DVVXP SWL RQV EH\ RQG pQL WH
QHVV RIWKH DSSURSUL DWH H[ SHFWDWL RQV, W L V XQL T XHDQG DQ\DVVXP SWL RQV RQ WKH P HDVXUHP HQW
HUURU FDQ WKHUHI RUH EH I RUP XO DWHG DV DVVXP SWL RQV RQ WKH WKUHH FRP SRQHQWV
  7 Z R 0 RGHO V I RU 0 HDVXU HP HQW (U U RU
  & O DVVLF DO 0 HDVXU HP HQW (U U RU
7 KH VWDQGDUG & O DVVL FDO0 HDVXUHP HQW ( UURU & 0 (  P RGHO DVVXP HV WKDW WKH P HDVXUHP HQW
HUURUL VL QGHSHQGHQWRI WKHWUXHY DO XH$VVXP L QJ WKDWWKHP HDVXUHP HQWHUURUKDVP HDQ ]HUR
W K LV LP S OLH V (>M;e@ 6L QFH E\GHpQL WL RQ FPH    b (>M;e@ LW IR OOR ZV W K D W IR U W K LV
P RGHO WR EHFRUUHFW L WP XVWEHWKDW   FPH DQG WKHO DVWWZ R FRP SRQHQWVRSH DQG U VXP WR
]HUR7 KL VP RGHO L VW\ SL FDO O \GHI HQGHG E\UHI HUHQFH WR SK\ VL FDO P HDVXUHP HQWP RGHO VZ KHUH
RI WHQ SDVVL Y H UHFRUGL QJ RIP HDVXUHP HQWV EDVHG RQ L P SUHFL VH P HDVXUL QJ L QVWUXP HQWV WDN HV
SO DFH
  2SW LP DO 3U HGLF W LRQ (U U RU
$ Q DO WHUQDWL Y H P RGHO Z KL FK Z H UHI HU WR DV WKH 2 SWL P DO3 UHGL FWL RQ ( UURU 2 3 (  P RGHO 
L V EDVHG RQ WKH DVVXP SWL RQ WKDW WKH P HDVXUHP HQW HUURU L V L QGHSHQGHQW RIWKH UHSRUWHG Y DO XH
7K LV LP S OLH V (>M;@   DQG VL QFH RSH u  b (>M;@    RSH VR WKDW FPH  U  
$Q DUJXP HQW L Q VXSSRUW RIWKL V P RGHOY L HZ V WKH DJHQW UHSRUWL QJ WKH GDWD DV I XO O \DZ DUH
RIWKH O DFNRISUHFL VL RQ RIWKH P HDVXUL QJ L QVWUXP HQW6XSSRVH WKH DJHQWL VDVN HG WR SURY L GH
WKH Y DO XH RIVRP H Y DUL DEO H7 KH DJHQW KDV QR Z D\RIDVFHUWDL QL QJ WKH WUXH Y DO XH ;e RIWKL V
Y DUL DEO H EXWKDVDY DL O DEO H D qDZ HG RUQRL V\ P HDVXUHa ;   ;e  u; Z L WK WKH P HDVXUHP HQW
HUURU u; LQ G H S H Q G H Q W R I W K H W U X H YD OX H R I W K H YD U LD E OH  H [D F W O\ D V LQ W K H &0( P R G H O + R ZH YH U 
VXSSRVH WKDW WKH DJHQW L V DZ DUH RIWKH O DFNRISUHFL VL RQ RIWKH P HDVXUHP HQWDQG FRUUHFWV I RU
WKL VE\ UHSRUWL QJWKHEHVWHVWL P DWHRI WKHXQGHUO \ L QJWUXHY DO XH;e E D V H GR QW K L VPH D V X U H PH Q W
a ; 7 R RSHUDWL RQDO L ]H WKL V Z H L QWHUSUHW ?EHVW L Q WHUP V RID O RVV I XQFWL RQ $ VVXP L QJ D
T XDGUDWL F O RVVI XQFWL RQ L P SO L HVWKH DJHQWZ RXO G UHSRUWWKH H[ SHFWHG Y DO XH RIWKH WUXH Y DO XH
JL Y HQ WKH WKH DJHQW
 V L QI RUP DWL RQ VHW ￿ 7 KHQ WKH HUURU    ; b ;e VKRXO G KDY H P HDQ ]HUR
JL Y HQ WKH L QI RUP DWL RQ VHW RIWKH DJHQW6L QFH WKH UHSRUWHG Y DO XH L V FO HDUO \L Q WKH L QI RUP DWL RQ
VHWWKL V L P SO L HV WKDW WKH HUURU KDV P HDQ ]HUR JL Y HQ WKH UHSRUWHG Y DO XH
& UL WL FDOL Q WKL V P RGHOL V WKH DFWL Y H URO H RIWKH UHVSRQGHQW7 KXVL Q RUGHU WR DVVHVV WKH
L P SDFWRI P HDVXUHP HQWHUURU WKH UHVHDUFKHUQHHGVWR XQGHUVWDQG KRZ WKH UHVSRQGHQWY L HZ V
WKH VXUY H\T XHVWL RQ, IWKH UHVSRQGHQW L V DZ DUH RIQRW KDY L QJ H[ DFW L QI RUP DWL RQ UHJDUGL QJ
WKH Y DO XH RIWKH Y DUL DEO H UHT XHVWHGSUHVXP DEO \WKH T XHVWL RQ ?: KDWL V WKH Y DO XH RI;" LV
L QWHUSUHWHG DV ?: KDW L V \ RXU EHVW HVWL P DWH RIWKH Y DO XH RI;" , Q WKDWFDVHWKHDQVZ HUVKRXO G
QRW EH WKH XQEL DVHG P HDVXUHP HQW HY HQ L IWKDW L V WKH EDVL F SL HFH RIL QI RUP DWL RQ DY DL O DEO H WR WKH
UHVSRQGHQW$O WKRXJK WKH UHVSRQGHQWQHHG QRWKDY HWKHH[ DFWSUREDEL O L W\ P RGHO XQGHUO \ L QJ
WKH XQEL DVHG P HDVXUHP HQW DQG WUXH Y DO XHL W L V SO DXVL EO H WKDW RXWO L HUV DUH DGM XVWHG L Q D Z D\
￿$Q DOWHUQDWLYH ZRXOG EH WR DVVXPH DEVROXWH YDOXH ORVV￿ LQ ZKLFK FDVH WKH DJHQW ZRXOG UHSRUW WKH PHGLDQ
RI ;e JLYHQ WKH LQIRUPDWLRQ VHW￿ )RU PRVW RI WKH LOOXVWUDWLYH FDOFXODWLRQV EHORZ WKH PHDQ DQG PHGLDQ ZLOO
JLYH WKH VDPH DQVZHUV EHFDXVH ZH DVVXPH QRUPDOLW\￿ $ WKLUG SRVVLELOLW\ DULVHV ZKHQ WKHUH LV D FRQVWDQW
ORVV LI WKH UHSRUWHG YDOXH GLoHUV IURP WKH WUXH YDOXH￿ 7KLV DULVHV LQ 3KLOLSVRQ￿V ￿￿￿￿￿￿ VXUYH\ RI SK\VLFLDQV
ZKR￿ ZLWK VRPH SUREDELOLW\￿ JHW D UHZDUG LI WKHLU UHVSRQVH PDWFKHV DGPLQLVWUDWLYH UHFRUGV￿ ,Q WKDW FDVH
UHVSRQGHQWV VKRXOG UHSRUW WKH PRGH RI WKH GLVWULEXWLRQ￿
WKDW O HDGV WR VRP H FRUUHO DWL RQ EHWZ HHQ WKH WUXH Y DO XH DQG WKH P HDVXUHP HQW HUURU2 QH WKH
RWKHU KDQGWKL V P RGHOL V O HVV O L N HO \WR EH DSSURSUL DWH L IWKH P HDVXUHP HQW HUURU L V WKH UHVXO W
RI P L VFRGL QJ RI VXUY H\ DQVZ HUV
$ F U X F LD O LQ J U H G LH Q W LQ W K H 23 ( P R G H O LV W K H LQ IR U P D W LR Q V H W  ,W P D \ E H W K D W W K H U H V S R Q 
GHQWRQO \ KDVD VL QJO H XQEL DVHG P HDVXUHP HQWRI WKH XQGHUO \ L QJ WUXH Y DUL DEO H$O WHUQDWL Y HO \ 
RWKHU Y DUL DEO HV Z KL FK WKHP VHO Y HV P D\HQWHU WKH HFRQRP HWUL F P RGHORIL QWHUHVW P D\EH XVHG
WR SURGXFH WKL VHVWL P DWH ￿ , Q WKH QH[ W VHFWL RQ Z H FRQVL GHUL Q WKH FRQWH[ W RID O L QHDU UHJUHV
VL RQ P RGHO WZ R Y DUL DWL RQV RIWKH P RGHOWKDW GL o HU L Q WKH L QI RUP DWL RQ VHW H[ SO RL WHG L Q WKH
FDO FXO DWL RQ RIWKH RSWL P DOSUHGL FWL RQ RIWKH T XDQWL W\RIL QWHUHVW
0 RGHO V VL P L O DU WR WKL V 2 3 ( P RGHOKDY H EHHQ XVHG L Q RWKHU FRQWH[ WV Z KHUH DJHQWV DUH DVN HG
WR SURY L GH L QI RUP DWL RQ DERXWY DUL DEO HVZ KRVH Y DO XHVWKH\ GR QRWN QRZ H[ DFWO \ 7 KH EHKDY L RU
RIJRY HUQP HQW DJHQFL HV UHSRUWL QJ P DFUR HFRQRP L F T XDQWL WL HV FDQ EH Y L HZ HG DV SUHGL FWL QJ WKH
X Q G H U O\LQ J YD U LD E OH R I LQ W H U H V W J LYH Q W K H D J H Q F \
V LQ IR U P D W LR Q V H W  ZK LF K LQ F OX G H V V LJ Q D OV R I
WKH WUXH Y DO XH, Q WKL VFRQWH[ W WKH P HDVXUHP HQWHUURUL VH[ SHFWHG WR EH L QGHSHQGHQWRI WKH
LQ IR U P D W LR Q V H W X V H G  ZK LF K Q H F H V V D U LO\ LQ F OX G H V W K H U H S R U W H G YD OX H ￿
3 K LOLS V R Q    FDUUL HV RXW H[ SHUL P HQWV WR VHH KRZWKH UHO L DELOLW \ R I V X U YH \ U H V S R Q V H V
YD U LH V ZLW K LQ F H Q W LYH V  3 K LOLS V R Q D V NV S K \V LF LD Q V W K H YD OX H R I D F D W H J R U LF D O YD U LD E OH  P H G LF D O
VSHFL DO L ]DWL RQ WKDW KH FDQ Y HUL I \I URP DGP L QL VWUDWL Y H GDWD+ H Ro HUV VRP H RIWKH SK\ VL FL DQV
D Q LQ F H Q W LYH V F K H P H ZK H U H ZLW K V R P H S U R E D E LOLW \ K H ZLOO F K H F N W K H YD OX H R I W K H YD U LD E OH D Q G
SD\ VRP H VXP RI P RQH\ L I WKH UHSRUWHG DQG WUXH Y DO XHVDJUHH ￿ +H pQGVWKDWVXFK L QFHQWL Y H
VFKHP HV L QFUHDVH WKH SUREDEL O L W\WKDW WKH UHVSRQGHQWV DQVZ HUHG WKH T XHVWL RQ FRUUHFWO \ 
0 DQVN LDQG 'DV'RP L QL W] DQG 9DQ 6RHVWDQDO \ ]H GDWD Z KHUH L QGL Y L GXDO V
￿)RU H[DPSOH￿ $VKHQIHOWHU DQG .UXHJHU ￿￿￿￿￿￿ VXUYH\ WZLQV DQG DVN HDFK VLEOLQJ ERWK WKHLU RZQ HGXFDWLRQ
DQG WKHLU VLEOLQJ￿V HGXFDWLRQ￿ 7R WKH H[WHQW WKDW D UHVSRQGHQW LV QRW IXOO\ DZDUH RI WKHLU VLEOLQJ￿V HGXFDWLRQ
OHYHO￿ EXW KDV NQRZOHGJH RI UHODWHG LWHPV￿ VXFK DV RFFXSDWLRQ￿ LW LV SODXVLEOH WKDW VXFK LQIRUPDWLRQ ZRXOG EH
XVHG WR LQIHU WKH HGXFDWLRQ OHYHO￿
￿)RU H[DPSOH￿ 0DQNLZ DQG 6KDSLUR ￿￿￿￿￿￿ PRGHO WKH UHYLVLRQ LQ *URVV 1DWLRQDO 3URGXFW EHWZHHQ WKH
SUHOLPLQDU\ DQG pQDO UHSRUWV￿ DQG pQG WKDW WKH UHYLVLRQV DUH XQFRUUHODWHG ZLWK WKH HDUO\ UHSRUWV￿ ,Q DGGLWLRQ￿
WKH UHYLVLRQV DUH FRUUHODWHG ZLWK WKH pQDO UHSRUWV ZKLFK￿ LI WKH pQDO UHSRUWV DUH DVVXPHG WR EH WKH WUXWK￿ LV
FRQVLVWHQW ZLWK D 23( PRGHO EXW QRW WKH &0( PRGHO￿
￿$V PHQWLRQHG EHIRUH￿ WKLV LPSOLHV UHVSRQGHQWV VKRXOG UHSRUW WKH PRGH RI WKH GLVWULEXWLRQ￿
Z HUH DVN HG DERXW I XWXUH HY HQWV L QFO XGL QJ I XWXUH L QFRP H, Q WKDW FDVH L QGL Y L GXDO V FO HDUO \FDQ
QRWN QRZ WKHH[ DFWY DO XHRI WKHVHY DUL DEO HV DQG 0 DQVN L DQG 'RP L QL W]P RGHO WKHT XDO L WDWL Y H
UHVSRQVHV DV WKH EHVW SUHGL FWL RQV P RGHV JL Y HQ FXUUHQW L QI RUP DWL RQ
( DFK RIWKHVH H[ DP SO HV VXJJHVW WKDW HFRQRP L F DJHQWV UHVSRQGL QJ WR T XHVWL RQV DERXW XQ
FHUWDL Q T XDQWL WL HV FDQ VRP HWL P HV XVHI XO O \EH P RGHO O HG DV VRO Y L QJ D SUHGL FWL RQ SUREO HP UDWKHU
WKDQ DV SDVVL Y HO \UHSRUWL QJ QRL V\P HDVXUHP HQWV: H WKHUHI RUH L QY HVWL JDWH WKH L P SO L FDWL RQV
RIWKL V P RGHOI RU WKH HVWL P DWL RQ RIUHJUHVVL RQ FRHr FL HQWV L Q D O L QHDU P RGHO 
  ,P SO LF DW LRQV RI 0 HDVXU HP HQW (U U RU LQ W KH /LQHDU 5HJU HVVLRQ 0 RGHO
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; DUH UHFRUGHG : H FRQVL GHU WKH L P SO L FDWL RQV I RU O HDVW VT XDUHV HVWL P DWHV RIp E D V H GR QD
UDQGRP VDP SO H I URP <; RIY DUL RXV SURSHUWL HV RIWKH P HDVXUHP HQW HUURU
7K H E D V LF S LH F H R I LQ IR U P D W LR Q D YD LOD E OH W R W K H U H V S R Q G H Q W LV D V V X P H G W R E H D S D LU R I
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: H DVVXP H WKDW WKH EDVL F P HDVXUHP HQW HUURUV u;u <  DUH L QGHSHQGHQW RIWKH WUXH Y DO XH
RIWKH UHJUHVVRU ;e DQG RI{EXW SRWHQWL DO O \FRUUHO DWHG Z L WK HDFK RWKHU ) RU H[ SRVL WL RQDO

























































: H FRQVL GHU WKUHH FDVHV UHO DWL QJ WKH EDVL F P HDVXUHP HQWV a ; DQG a< WR WKH UHSRUWHG Y DO XHV
; DQG <  7 KH pUVW FDVH L V WKH & 0 ( P RGHOZ KHUH WKH UHSRUWHG Y DO XH L V L GHQWL FDOWR WKH
XQEL DVHG P HDVXUHP HQW, Q DGGL WL RQ Z H FRQVL GHU WZ R Y HUVL RQV RIWKH 2 3( P RGHO 7 KH pUVW
2 3 (  L V Z KHUH WKH UHVSRQGHQW UHSRUWV WKHL U EHVW HVWL P DWH EDVHG RQO \RQ WKH QRL V\P HDVXUH
RIWKH P L VP HDVXUHG Y DUL DEO H L WVHO I  7 KH VHFRQG 2 3 (  L V Z KHUH WKH UHVSRQGHQW UHSRUWV
WKHL U EHVW HVWL P DWH EDVHG RQ WKH QRL V\P HDVXUHV RIERWK Y DUL DEO HV7 DEO H  VXP P DUL ]HV WKH
WKUHH P RGHO V, Q HDFK RIWKH WKUHH FDVHV Z H FRQVL GHU WKH VL JQ RIWKH GL o HUHQFH EHWZ HHQ WKH
7D E OH   7 KU HH 0 RGHO V I RU 0 HDVXU HP HQW (U U RU
5 HSRUWL QJ 0 RGHO ;<
& O DVVL FDO0 HDVXUHP HQW ( UURU ;&0(   a ;< &0(   a<
2 SWL P DO3 UHGL FWL RQ ( UURU  ;23(￿￿￿   (>;eM a ;@ <23(￿￿￿   (>< eMa< @
2 SWL P DO3 UHGL FWL RQ ( UURU  ;23(￿￿￿   (>;eM a ; a< @ <23(￿￿￿   (>< eM a ; a< @
S U R E D E LOLW \ OLP LW R I W K H OH D V W V TX D U H V H V W LP D W R U  Ap XVL QJ WKH QRL V\P HDVXUHV < ;DQG WKH
O L P L W RIWKH O HDVW VT XDUHV HVWL P DWRU pe XVL QJ WKH WUXH Y DO XHV < e;e6L JQAp b pe
  0 HDVXU HP HQW (U U RU LQ W KH 5HJU HVVRU
) L UVW Z H FRQVL GHU WKH FDVH Z L WK ￿
u<    Z K H U HW K HPH D V X U H PH Q WH U U R UL VF R Q p Q H GW R
WKH UHJUHVVRU7 KXV <   a<   < e XQGHUDO OWKUHH P RGHO V: H pUVW EUL Hq\UHY L HZWKH & 0 (
FDVH7 KH UHSRUWHG Y DO XH L V ;&0(   a ;   ;e  u;7 KH O HDVW VT XDUHV HVWL P DWRU WKHUHI RUH
XQGHUHVWL P DWHV WKH FRHr FL HQW L Q WKH UHJUHVVL RQ Z L WK WKH WUXH Y DO XHV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Z K L F KL VO H V VW K D Qp L Q DEVRO XWH Y DO XH7 KL V L V WKH VWDQGDUG FDVH RIFO DVVL FDOP HDVXUHP HQW
HUURU O HDGL QJ WR D EL DV WRZ DUGV ]HUR
1 H[ W FRQVL GHU WKH 2 3 ( 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UHVXO WL QJ I URP WKH P HDVXUHP HQW HUURURU p23(￿￿￿   p
) L QDO O \ FRQVL GHU WKH FDVH Z KHUH WKH UHVSRQGHQW DGM XVWV WKH UHSRUW WR WDN H L QWR DFFRXQW
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Y DO XH DQG L QGHSHQGHQWGL VWXUEDQFHV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ZK LF K LV J U H D W H U W K D Q p LQ D E V R OX W H YD OX H ￿ , Q WKL V FDVH WKH O HDVW VT XDUHV HVWL P DWRU RY HU
HVWL P DWHV WKH P DJQL WXGH RIWKH UHJUHVVL RQ FRHr FL HQWGXH WR WKH FRUUHO DWL RQ EHWZ HHQ WKH
UHSRUWHG Y DO XH DQG WKH GL VWXUEDQFH { LQ W K H U H J U H V V LR Q  ZK LF K LV LQ G X F H G E \ W K H X V H R I < e LQ
SURGXFL QJ WKH EHVW HVWL P DWH RIWKH UHJUHVVRU ;e
  0 HDVXU HP HQW (U U RU LQ W KH 2XW F RP H 9DU LDEO H
, Q WKL V VXEVHFWL RQ Z H FRQVL GHU P HDVXUHP HQW HUURU L Q WKH RXWFRP H Y DUL DEO HDQG DVVXP H
WKH UHJUHVVRU L V DFFXUDWHO \P HDVXUHG￿
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￿7R VHH WKH IRUP RI WKH FRHrHQW LQ D UHJUHVVLRQ RI < e RQ ;23(￿￿￿￿ FRQVLGHU WKH FRHrFLHQW LQ D UHJUHVVLRQ
RI D YDULDEOH = RQ D UHJUHVVRU 9 ZKHQ 9 FDQ EH ZULWWHQ DV WKH VXP RI . LQGHSHQGHQW YDULDEOHV 9￿ WKURXJK
9.￿ 6LPSOH PDQLSXODWLRQV VKRZ WKDW WKLV LV HTXDO WR D YDULDQFH ZHLJKWHG VXP RI WKH VORSH FRHrFLHQWV IURP
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ZK LF K P H D Q V p23(￿￿￿ L V EL DVHG WRZ DUGV ]HUR
) L QDO O \ FRQVL GHU WKH FDVH Z KHUH WKH UHVSRQGHQW UHSRUWV WKH EHVW HVWL P DWH RI< JL Y HQ a<
DQG ;e% DVHG RQ ;e DO RQH WKH EHVW HVWL P DWH RI< e ZR X OG E H opc;e. QRZ O HGJH RI ERWK
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%H F D XV H{ DQG u< DUH L QGHSHQGHQWRI;e DJDL Q WKHUH L V QR EL DV I URP UHJUHVVL QJ <23(￿￿￿ RQ
;e
  0 HDVXU HP HQW (U U RU LQ %RW K W KH 5HJU HVVRU DQG 2XW F RP H 9DU LDEO H
, Q WKL V VXEVHFWL RQ Z H FRQVL GHU WKH FDVH Z KHUH ERWK UHJUHVVRU DQG RXWFRP H DUH P HDVXUHG
Z L WK HUURU , Q HDFK FDVH WKH L QGL Y L GXDOUHSRUWL QJ WKH Y DUL DEO HV KDV DY DL O DEO H DQ XQEL DVHG
P HDVXUHP HQW
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: H O RRNDW WKH EL DV UHVXO WL QJ I URP WKH WKUHH P RGHO V FRQVL GHUHG EHI RUH& 0 ( 2 3 ( 
DQG 2 3 (  , Q JHQHUDO Z L WK WKH HUURUV L Q a ; DQG a<  u; DQG u< UHVSHFWL Y HO \ SRWHQWL DO O \
FRUUHO DWHGWKH EL DVHV I URP P HDVXUHP HQW HUURU FDQQRW EH VL JQHG, IWKH FRUUHO DWL RQ EHWZ HHQ
7D E OH   0 HDVXU HP HQW (U U RU %LDV LQ 6O RSH & RHI I LF LHQW
5HSRUWL QJ 0 RGHO
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( U U R U LQ 2X W F R P H 2Q O\  !  QR EL DV WRZ DUGV]HUR QR EL DV
(UURU L Q % RWK ]HUR FRUUHO DWL RQ !  !  WRZ DUGV ]HUR WRZ DUGV ]HUR DZ D\I URP ]HUR
WKH P HDVXUHP HQW HUURUV L V ]HURWKH GL UHFWL RQ RIWKH EL DV I RO O RZ V L QWXL WL Y HO \I URP WKH SUHY L RXV
FDO FXO DWL RQV 7 KHVH UHVXO WVFRP EL QHG Z L WK WKRVH RI6HFWL RQV   DQG   DUH UHSRUWHG L Q
7 DEO H , IWKH FRUUHO DWL RQ EHWZ HHQ u; DQG u< LV F OR V H H Q R X J K W R R Q H W K H E LD V ZLOO D OZD \V E H
XSZ DUG DQG L I L WL VFO RVH HQRXJK WR QHJDWL Y H RQH WKH EL DVZ L O O DO Z D\ VEH GRZ QZ DUG7 R VHH
KRZEL J WKHVH Ho HFWV FDQ EH Z H UHSRUW L Q WKH 6HFWL RQ  VRP H QXP HUL FDOFDO FXO DWL RQVEDVHG
RQ QXP EHUV UHO HY DQW I RU Z DJH UHJUHVVL RQV
  ,QVW U XP HQW DO 9DU LDEO HV (VW LP DW LRQ
2 QH VWDQGDUG DSSURDFK WR GHDO L QJ Z L WK FO DVVL FDOP HDVXUHP HQW HUURU L V WR XVH L QVWUXP HQWDO
Y DUL DEO HV P HWKRGV VHH WKH %RXQG%URZ Q DQG 0 DWKL RZ HW]  VXUY H\I RU D JHQHUDOGL V
FXVVL RQ+ HUH Z H H[ SO RUH Z KDW L QVWUXP HQWDOY DUL DEO HV P HWKRGV GR Z KHQ WKH P HDVXUHP HQW
HUURUL VRI WKH2 3( Y DUL HW\ : HP DL QWDL Q WKHO L QHDUP RGHO VWUXFWXUHDERY H DQG DVVXP H< e LV
REVHUY HG Z L WKRXW HUURUEXW ;e L VP HDVXUHG Z L WK HUURUDQG WZ R QRL V\ P HDVXUHVDUHDY DL O DEO H
: H DO VR DVVXP H WKH WZ R UHSRUWV DUH RSWL P DOSUHGL FWL RQV EDVHG RQ XQEL DVHG DQG L QGHSHQGHQW
P HDVXUHP HQWV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, QVWUXP HQWL QJ I RU WKH P L VP HDVXUHG UHJUHVVRU QRZO HDGV WR D EL DV DZ D\I URP ]HURSURSRUWL RQDO
WR WKH L QY HUVH RIWKH UHO L DEL O L W\UDWL R RIWKH QRL V\P HDVXUH1 RWH WKDW L Q WKL V FDVHDV EHI RUHWKH
GDWD DUHQRWL QI RUP DWL Y HDERXWWKHQDWXUHRI WKHP HDVXUHP HQWHUURU7 KHpQGL QJ WKDW DVL Q
WKH $VKHQI HO WHU . UXHJHU  VWXG\ L QVWUXP HQWL QJ O HDGV WR FRQVL GHUDEO \KL JKHU HVWL P DWHV
WKDW RUGL QDU\O HDVW VT XDUHV HVWL P DWHVL V FRQVL VWHQW Z L WK ERWK WKH FO DVVL FDOP HDVXUHP HQW HUURU
VWRU\DV Z HO ODV Z L WK WKH RSWL P DOSUHGL FWL RQ HUURU P RGHO 7 KH L QWHUSUHWDWL RQ RIWKH UHVXO WV L V
Y HU\GL o HUHQWKRZ HY HUXQGHU WKH WZ R P RGHO V
  0 HDVXU HP HQW (U U RU LQ : DJH 5HJU HVVLRQV
, Q WKL V VHFWL RQ Z H O RRNDW WKH UHJUHVVL RQ RIWKH O RJDUL WKP RIZ DJHV RQ HGXFDWL RQ Z KHUH
ERWK P D\EH P HDVXUHG Z L WK HUURUDQG L QWHUHVW L V L Q WKH UHJUHVVL RQ FRHr FL HQWV EDVHG RQ WKH
UHJUHVVL RQ Z L WK WKH WUXH Y DO XHV ￿ : H FDO FXO DWH VRP H RIWKH P RP HQWV RIKRXUO \Z DJHV DQG
HGXFDWL RQ O HY HO V I URP 1/6< GDWD ￿ 7 KH HDUQL QJVP HDVXUHXVHG L VWKHO RJDUL WKP RI WKHXVXDO
Z HHN O \Z DJHDQG WKH HGXFDWL RQ P HDVXUH L V \ HDUV RIFRP SO HWHG VFKRRO L QJ 7 KH HVWL P DWHG
UHJUHVVL RQ I XQFWL RQ EDVHG RQ WKHVH GDWD L V
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7 KH VWDQGDUG GHY L DWL RQV RIWKH O RJ Z DJH L V <  DQG WKH VWDQGDUG GHY L DWL RQ RIWKH
HGXFDWL RQ O HY HOL V ;   
￿,Q VRPH FDVHV RQH FDQ DUJXH WKDW LQWHUHVW VKRXOG EH LQ WKH UHJUHVVLRQ RQ SHUFHLYHG YDOXHV￿ )RU H[DPSOH￿
LI LQGLYLGXDOV GR QRW NQRZ WKHLU RZQ LQFRPH ZLWK FHUWDLQO\￿ RQH PD\ DUJXH WKDW WKHLU HVWLPDWHG LQFRPH LV
PRUH UHOHYDQW IRU FRQVXPSWLRQ GHFLVLRQV WKDQ WUXH LQFRPH￿ +HUH ZH ZRXOG DUJXH WKDW LQ DQVZHULQJ D VXUYH\
DQ LQGLYLGXDO PD\ KDYH LQVXrFLHQW LQFHQWLYH WR FDUHIXOO\ FKHFN KLV RU KHU UHFRUGV￿ DQG WKDW LI WKH YDOXH RI WKH
YDULDEOH LV QHHGHG IRU PDNLQJ HFRQRPLFDOO\ PHDQLQJIXO GHFLVLRQV￿ RQH PLJKW DFTXLUH WKH UHOHYDQW LQIRUPDWLRQ￿
￿6HH +HOOHUVWHLQ DQG ,PEHQV ￿￿￿￿￿￿ IRU D GLVFXVVLRQ RI WKH SDUWLFXODU VXEVDPSOH XVHG￿
7 R pQG DSSURSUL DWH QXP EHUV I RU WKH P HDVXUHP HQW HUURU Y DUL DQFHV Z H WXUQ WR VRP H RI
W K H YD OLG D W LR Q V W X G LH V ￿￿ ) RU WKH P HDVXUHP HQW HUURU L Q WKH HGXFDWL RQ O HY HOZ H WDN H RXU
QXP EHUV I URP WKH $VKHQI HO WHU DQG . UXHJHU  VWXG\  $VKHQI HO WHU DQG . UXHJHU DVN HG
W ZLQ V D E R X W W K H LU R ZQ H G X F D W LR Q D V ZH OO D V W K H LU W ZLQ V LE OLQ J 
V OH YH O R I H G X F D W LR Q  8 V LQ J
W K R V H G D W D W K H \ H V W LP D W H D U H OLD E LOLW \ U D W LR R I D S S U R [LP D W H O\ 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